Objective. To evaluate the effect of a moderate-to-high-intensity, aerobic and resistance exercise with personcentered guidance in older adults with rheumatoid arthritis (RA), through a randomized controlled multicenter trial.
INTRODUCTION
A major factor contributing to ill health in old age is the increase in systemic inflammation that occurs with physiologic aging, socalled inflamm-aging. Systemic inflammation also changes body composition, leading to increased fat mass and sarcopenia (1) , with the latter contributing to impaired balance and falls, which are associated with deleterious outcomes (2) . Physical activity has antiinflammatory effects by promoting the breakdown of fat, increasing the antiinflammatory and regulatory properties of the immune system, and increasing muscle-produced interleukin (3) (4) (5) (6) . Agerelated decline of physical function and ability to perform desired activities is a concern for patients with rheumatoid arthritis (RA) (7) , especially since patients with RA of all ages, despite disease control, show a disease-related loss of muscle mass and altered body composition (8) that is related to disability (9) . Studies have shown improvements in aerobic capacity, muscle strength, and disability, as assessed with the Stanford Health Assessment Questionnaire disability index (HAQ DI), after an intervention involving aerobic and resistance training (3, 5) . Therefore, it has been proposed that physical activity should be included in the routine management of middle-aged patients with RA (5, 10) , and the World Health Organization recommends both aerobic and resistance exercise each week, preferably of moderate-to-vigorous intensity, for adults ages >65 years (11) . However, knowledge about benefits of exercise in older adults (ages >65 years) with RA is scarce.
The physical activity level among patients with RA, especially among those ages >55 years, is lower than the level recommended by international guidelines for health-enhancing physical activity and is lower than that among healthy persons (12, 13 ). The reduced physical activity level among patients with RA is partly due to a worry that exercise could damage the joints (14, 15) , but no harmful side effects from exercise have been documented (5) , and no joint damage is seen at extended follow-up after high-intensity exercise (16) . A person-centered approach (17) is suggested to help identify and assuage worries of this type (18) . The principles underlying this approach include the establishment of a partnership between the care giver and the patient, based on the patient narrative, and shared information and decision-making, together with documentation (17) . A person-centered approach that focuses on the context, history, and resources of the individual has been suggested as particularly suitable for managing long-term diseases (17) .
Today >50% of patients with RA are ages >65 years (19) , and their health care cost is increased 3-4-fold over comparators in the general population (20) . We hypothesized that a moderate-to-high intensity aerobic and resistance exercise with person-centered guidance would decrease disability and improve physical fitness in older adults with RA.
PATIENTS AND METHODS
Patients were recruited from the rheumatology clinics at the Sahlgrenska University Hospital, Gothenburg, and Skaraborg Hospital, Skövde, Sweden via the Swedish Rheumatology Quality Register. The recruitment, intervention, and data collection were performed between January 2015 and November 2016. The study complied with the Declaration of Helsinki and was approved by the Regional Ethics Review Board in Gothenburg (2014-11-24/790-14) . Informed, written consent was obtained from the patients before the baseline examinations.
The inclusion criteria were RA according to the American College of Rheumatology 1987/European League Against Rheumatism 2017 criteria (21) , ages ≥65 years, disease duration >2 years, and low-to-moderate Disease Activity Score in 28 joints (DAS28 <5.1). The exclusion criteria were comorbidities such as unstable ischemic heart disease or arrhythmia that might preclude moderate intensity exercise, joint surgery within 6 months prior to inclusion, ongoing exercise of moderate-to-high intensity ≥2 times/week, inability to understand or speak Swedish, and inability to participate in physical testing that involved walking or bicycling.
A letter of invitation that contained comprehensive information on the study was sent out and was followed by a phone call, during which the patients could accept or decline the invitation (Figure 1 ). At the screening visit, a physical examination, resting electrocardiogram, and cardiopulmonary exercise testing (CPET) were performed to search for exclusion criteria. In total, 49 patients were included and examined at the Sahlgrenska University Hospital, Gothenburg, and 25 patients were included and examined at the Skaraborg Hospital, Skövde (Figure 1 ).
Randomization.
After screening and enrollment, the participants were randomized separately for each site to groups of 6 subjects by a person not involved in the examinations or intervention. Sealed opaque envelopes were used with a computergenerated sequence of allocation, and the envelopes were divided by sex (men/women). The participants were informed of their group allocation by the physiotherapist leading the intervention (EL and GB).
Intervention. For the intervention group, the supervised exercise intervention consisted of gym-based, moderateto-high-intensity, aerobic and resistance exercise 3 times a week and home-based exercise for 20 weeks (Figure 2 ). The person-centered approach implied that the intervention started with an individual meeting, to create an understanding of the person establishing goals for exercise in a partnership and reaching an agreement on how the intervention should be performed. The gym-based exercise was tailored based on the resources of the individual and consisted of warm-up, 27 minutes of aerobic exercise at 70-89% of maximum heart rate in intervals of 3 minutes, and 5 resistance exercises at 70-80% of 1 repetition maximum (RM). Introduction to exercise began at a low level and slowly increased over 6 to 9 weeks. The physiotherapist was present at 2 of 3 sessions each week, and adjustments were made continuously. The patients performed exercise independently but attended the gym at approximately the same times and formed an informal group. In the control group, patients attended 1 individual meeting with the physiotherapist, where they were encouraged to perform home-based exercise according to the same protocol as the intervention group, but with no gym-based exercise, for 20 weeks (Figure 2 ).
Assessment.
Background data and outcomes, comprising medical examination, questionnaire results, and 5 performancebased tests, were assessed by blinded assessors (DK, SS, KS,
SIGNIFICANCE & INNOVATIONS
• Aerobic and resistance exercise with personcentered guidance improved physical fitness in older adults with rheumatoid arthritis (RA).
• Seventy-one percent of patients in the intervention group rated their health as much or very much improved on the Patient's Global Impression of Change scale.
• Older adults with RA were able to perform both aerobic and resistance exercise at a high intensity without any serious adverse events. • The intervention is recommended for inclusion as part of the management of RA for older adults with low-to-moderate disease activity.
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and IG) at baseline, at postintervention (at 20 weeks), and at follow-up (at 12 months). Follow-up included medical examination, questionnaire results, and 4 performance-based tests. The DAS28 was used to assess disease activity (22, 23) .
Primary and secondary outcomes. The primary outcome, disability, was assessed using the HAQ DI (24, 25) . The secondary outcome, physical fitness, was assessed by 5 performance-based tests. Assessment of aerobic capacity through CPET was performed according to a protocol that was modified from the American Heart Association guidelines (26) .
A bicycle endurance test was performed on a cycle ergometer (Monark Ergometer 839 E, Monark Exercise AB) (27) . After a 2-minute warm-up period at 50W, the patients cycled at a constant power of 70% or 75% of the maximum achieved power, which was based on the estimation from the CPET, and the total time was registered when the level of exertion was rated "very hard" on the Borg rating of perceived exertion (28) . Functional balance was assessed with the timed up and go (TUG) test, in which the following series were timed: rise from an armchair, walk a distance of 3 meters as quickly as possible but still safely, walk back, and sit down (29) . Leg muscle strength was assessed us- ing the sit to stand (STS) test, in which the number of complete rises from a chair performed in 60 seconds was recorded (30) . Isometric elbow flexion force was assessed with an electronic dynamometer (31) . The patients were seated in a standardized position without back support and with legs stretched out. The forearm was supported by the trunk with the elbow at 90° flexion, and the maximum strength was measured over a period of 7 seconds. The Patient's Global Impression of Change (PGIC) (32) was measured at the postintervention examination and at the 12-month follow-up.
Measures of exercise load were performed using the Leisure Time Physical Activity Instrument (LTPAI), which assesses the amount of physical activity during a typical week, in terms of light, moderate, and vigorous activity. In this study, the sum of moderate and vigorous activity is given (33) . Exercise load was registered by the physiotherapist leading the intervention (EL and GB). The patients were also asked to keep an exercise diary. During the follow-up period, patients in the intervention group were contacted by phone 2-3 times and the reported exercise was registered.
Statistical analysis. Statistical analyses were performed using the SPSS, version 24.0 (IBM). Descriptive statistics were used to characterize the 2 groups. Comparisons between groups were performed with the Mann-Whitney U test for ordinal variables and independent Student's t-test for continuous 
A. Gym-based exercise
Tailored according to the resources of each individual participant.
• Frequency: 3 times per week for 20 weeks, supervised by physiotherapists on 2 of 3 occasions.
• Exercise sessions: 10 minutes of warm-up, aerobic exercise at 3-minute intervals with 1 minute of recovery between each repetition. Resistance exercise for 20 minutes using a standardized protocol that included leg-press, knee-extension and seated row using a weight machine, biceps curl using free weights, core stability using bodyweight, and 5 minutes of cooling down. Progression:
• Aerobic exercise: weeks 1-3: 3 sets of 3 minutes; weeks 4-9: one added set of 3 minutes each week until reaching 9 sets, which were kept for the remainder of the intervention.
• Resistance exercise: weeks 1-3: 40% of one repetition maximum (1RM), with [8] [9] [10] [11] [12] repetitions in 1-2 sets. Weeks 3-6: 60% of 1RM, with 8-12 repetitions in 2 sets. 7-12 weeks: 70-80% of 1RM, performed with 8-12 repetitions in 2 sets. Week 13: 1 set of power training with explosive contractions added at 60% of 1RM. For the remainder of the intervention, individual adjustments were made based on repeated 1RM estimations.
B. Home-based exercise
• Frequency: low-intensity physical activities 5 days a week, and home exercises 2 times a week for 20 weeks.
• Home-exercise: 5 exercises for mobility, strength in the lower extremity, and one-leg standing balance, conducted without any equipment.
C. Person-centered approach
• The intervention started with an individual meeting, which entailed a person-centered dialog between the participant and the physiotherapist who led the intervention.
• An understanding of who the person was and what the person wanted to achieve was sought. Goals for the intervention period were established together in partnership.
• An agreement as to how the intervention would be conducted was reached and documented in an exercise diary.
• The dialog was followed by exercise instructions according to a person-centered approach.
Intervention group:
The intervention group received A, B, and C. The person-centered approach was central throughout the exercise intervention.
Control group:
The control group received B and C. They received one meeting with a physiotherapist where the person-centered approach was applied.
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variables, and the Mantel-Haenszel test was used for ordinal categorical variables. For comparisons between baseline and postintervention examinations within a group, Wilcoxon's signed rank test was used for ordinal variables, and the paired-sample t-test was used for continuous variables. All significance tests were 2-sided. Outcomes were analyzed according to intent-totreat design, implying that all participants were invited to posttreatment examination, whether they had participated in the intervention or not. Only measured values were included in the analyses of changes over time between the 2 groups and within the groups, implying that missing cases were not included in the analyses. To evaluate the effect size, Cohen's d coefficient was calculated for between-group variables that showed a significant change (34) . An effect size of 0.20 to <0.50 was regarded as small, 0.50 to <0.80 as medium, and >0.80 as large (34) . To detect a clinically important difference of 0.2 on the HAQ DI score between groups, with an estimated SD of 0.5, 90% power, and 5% significance level using the Mann-Whitney U test, 35 participants were needed in each group.
RESULTS
Patients. The demographics and clinical characteristics of the participants are shown in Table 1 . The groups were considered to be equivalent. A total of 73% of the patients were in remission (DAS28 <2.6) or had low disease activity (DAS28 <3.2) at baseline, and the disease activity was not significantly changed during the study.
In the intervention group, 50% of patients had a concomitant disease (from a total of 36 patients: cardiovascular disease 6, hypothyroidism 4, diabetes mellitus 2, pulmonary disease 2, previous cancers 8, and other diseases 3). Also in the intervention group, 19% of patients (n = 7) had a joint prosthesis. In the control group, 42% had a concomitant disease (from a total of 38 patients: cardiovascular disease 6, hypothyroidism 1, diabetes mellitus 3, pulmonary disease 1, previous cancers 5, and other diseases 3). In the control group, 26% of patients (n = 10) had a joint prosthesis.
Exercise attendance, level, and adverse effects. All patients in the intervention group completed the exercise intervention (Figure 1) . Altogether, 72 patients (97%) completed the week 20 examinations. The mean attendance rate in the intervention group was 78%, with an average of 2.4 exercise sessions at the gym and 3.16 exercise sessions at home each week. The control group performed home exercise on average 2.84 times each week. The self-reported hours of moderate-tovigorous physical activity on the LTPAI were increased significantly (P = 0.001) in the intervention group (2.4-hour increase) when the change was compared to that of the control group (0.3-hour increase). The majority of the intervention group, at 78%, reached the targeted level of 70-80% of 1 RM. The other 8 patients reached approximately 60% of 1 RM in 1-3 of the exercises. One patient performed at a lower load level than that intended in the aerobic exercise. Adverse effects were defined as increased pain that could be related to exercise. For 4 patients in the intervention group, adverse effects led to persistent exercise modifications in 1 exercise throughout the intervention. Nineteen patients encountered temporarily increased pain, which was managed with temporary exercise modifications for approximately 1 week or was managed without modifications.
Disability. No significant differences between the 2 groups were found on the primary outcome, HAQ DI score ( Table 2 ). In the intervention group there was a significant within-group improvement (P = 0.022) of the HAQ DI score, corresponding to a 12% improvement of the scores. No such changes were found in the control group.
Physical fitness and global impression of change.
Aerobic capacity (Vo₂/kg/minute) was significantly improved in the intervention group compared to the control group (Table 2) . This improvement was accompanied by a significantly increased endurance, measured by the bicycle endurance test, compared between the 2 groups. Functional balance, assessed by TUG, was significantly improved between the 2 groups. In addition, leg muscle strength assessed with the STS was significantly improved between the 2 groups, but the isometric elbow flexion force did not differ significantly between groups. The PGIC rating was significantly different between the 2 groups at the postintervention examinations, with much or very much improved health among 71.4% of the intervention group and 24.3% of the control group after 20 weeks ( Figure 3A) .
Twelve-month follow-up. Altogether, 69 patients (93%) completed the entire 12-month follow-up examinations (Figure 1) . Moderate-to-high-intensity activity, reported on the LTPAI, was increased compared to baseline, with 2.2 hours in the intervention group and 0.03 hours in the control group (P = 0.005). Based on phone calls and exercise diaries, 51% of patients in the intervention group (18 of 35) continued to exercise with the same intensity as during the intervention, and 34% (12 of 35) continued to exercise at a lower intensity. The members of the intervention group continued to perform home exercise on average 2.1 times/week and more strenuous exercise 1.4 times/ week. The control group performed home exercise 1.9 times/ week during the follow-up period.
No significant between-or within-group differences of change compared to baseline were found on HAQ DI score. There was a significant difference of change between groups on the endurance test (P = 0.022), with an increase of 4.7 minutes (P = 0.008) in the intervention group and 0.8 minutes (P = 0.104) in the control group compared to baseline. The STS score was significantly improved within both groups when compared to base-line (intervention group increased 2.5 [P = 0.021]; control group increased 1.5 [P = 0.043]), but no significant mean difference of change was found between groups. No significant differences were found on scores of TUG and isometric elbow flexion. The PGIC ratings were significantly different between the groups at the month 12 follow-up, with much or very much improved health 
DISCUSSION
To the best of our knowledge, this is the first study to evaluate the effect of moderate-to-high intensity aerobic and resistance exercise for older adults with RA. The primary outcome, HAQ DI score, did not significantly improve when groups were compared. However, HAQ DI score showed a 12% within-group improvement in the intervention group. HAQ DI has been acknowledged as insufficient in capturing effects of resistance exercise (35) . A limitation of HAQ DI is the floor effect (36), which is the most likely reason for the lack of significant results, because the majority of the patients already scored below 0.5 on HAQ DI score at baseline. A reason for floor effects might be the nature of activities included in the HAQ DI score, covering domestic tasks with a requirement of overall mobility rather than physical fitness (25) . Almost all study patients had low disease activity or were in remission both at baseline and throughout the study, which is in line with the advances made in the treatment of RA in recent years (37) .
The intervention group significantly improved their aerobic capacity when compared to the control group. Furthermore, they achieved the level of aerobic capacity of middle-aged to older adults with RA (38) . Additionally, 3 of 4 other performance-based tests, assessing endurance, functional balance, and leg muscle strength, significantly improved when compared to the control group. The positive results of this study show that older adults with RA can improve their physical fitness, which is important knowledge, because reductions of muscle mass, muscle strength, and walking speed are common both in patients with RA (8) of all ages and in older adults independent of diagnosis (39) .
Physical fitness is a key factor in predicting maintained or increased physical independence over time (40) , which is particularly important for patients with RA, since becoming dependent on others is one of the concerns of aging with RA (7). The intervention did not have any significant impact on isometric elbow flexion force, which could be related to the main focus of the exercise protocol being the lower limbs. Another potential reason could be the design of the test, since the electronic dynamometer that was used has commonly been used to study shoulder strength (41) .
The PGIC was applied to study possible changes from the perspective of a patient. A total of 88.6% of the intervention group reported improvements in PGIC, and although the control group also scored improvements, the between-group differences were significant, in favor of the intervention group. Physical activity has been found to have a positive impact on the experience of health (42) , and increased physical activity and fitness improve health status (43) . We believe that improved physical fitness, demonstrated by the performance-based tests, conveyed to the patients a sense of improved health.
The self-reported hours of exercise at a moderate-to-intense level increased by >2 hours per week in the intervention group, * Missing values at baseline: intervention group: Vo 2 /kg/minute (n = 3), endurance (n = 1); control group: Vo 2 /kg/minute (n = 1). Missing delta values: intervention group: Vo 2 /kg/minute (n = 4), endurance and elbow force (n = 1); control group: Vo 2 /kg/minute (n = 8), Clinical Disease Activity Index (n = 2). HAQ DI = Health Assessment Questionnaire disability index; TUG = timed up and go; STS = sit to stand. † Mean ± SD. ‡ Δ ± SD § Shown as mean ± SD as well as median (range). ¶ P <0.05, # P <0.001. ** Significant.
and the intensity of the performed exercise program appears to be crucial for achieving the effect of the exercise (44) . Only a few drawbacks or adverse events were observed, leading to a minor, temporary modification of the protocol. This study showed that exercise with person-centered guidance and a moderateto-high intensity is possible for older adults with RA with a lowto-moderate disease activity. To be able to perform exercise at a moderate-to-high intensity at an older age is important to improve health outcomes and reduce mortality (45) . A person-centered approach, implying that the patients were actively involved in the tailoring of their own exercise (46), promoting empowerment (47) and the ability to manage symptoms while exercising, through individualization of load and progression, was assumed to have been a contributing factor for success. Personal goals were included in the individual exercise plans, which may also have contributed to the adherence over time (48) . The adherence of the control group, which performed exercise at the level recommended as the minimum to obtain health benefits (11) , was also good. At the 12-month follow-up, there were no significant differences between groups on HAQ DI score or on most of the performance-based tests. However, the endurance test was significantly improved in the intervention group compared to the control group, and leg-muscle strength, assessed by the STS test, improved in both groups. In order to maintain positive outcomes of exercise, the intensity of the exercise must be maintained (49) , and the diminishing results at the 12-month follow-up are assumed to be related to the reduction of total exercise in the group, commonly referred to as de-training (50) and which occurs independently of exercise intensity (51) . In the current study, approximately 50% of the patients in the intervention group at 12 months still reported exercising at an intensity in accordance with the intervention, which can be regarded as a high percentage when compared to a general Swedish RA population (13) . Maintenance of exercise is a commonly known difficulty in patients with RA, who need to overcome several barriers, both general and diagnosis-specific (52). In the current study, a contributing reason for the ability to continue exercising at a moderateto-high-intensity level despite barriers might be found in the support from the physiotherapist on how to remain physically active (52) . Barriers and facilitators will be further studied in a subsequent qualitative interview study.
A limitation to consider in this study is that as part of the screening and inclusion process, several potential participants were not included due to having a heart condition. This exclusion was a safety measure, because the exercise was performed outside the health care setting. A number of potential participants declined to participate due to reasons that were not always explicitly described but were possibly associated with health status. However, 46% of the patients had concomitant diseases or previous cancer, and 23% had prostheses and comorbidities that are negatively associated with physical functioning (53) . An alternative for HAQ DI, showing floor effects in the current study, should be considered in future studies. Additionally, improvement of physical function in upper extremities appears to require changes in the exercise program or in an instrument to assess it.
Moderate-to-high intensity exercise with person-centered guidance was found to effectively improve physical fitness in terms of aerobic capacity, endurance, strength, and dynamic balance in older adults with RA. The participants also rated their experienced health as improved. After 12 months, the positive effects of physical fitness partially persisted. The supervised exercise intervention is recommended for older adults with RA with a low disease activity.
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